Polytetrafluorethylene (PTFE) prostheses were implanted in 12 sheep as a shunt between the carotid artery and the jugular vein using an endto-side anastomosis technique. This technique allows repeated tests of the pharmacological and toxicological safety of artificial kidney units after both single and multiple administration. Furthermore, it enables the investigation of detoxification of compounds via dialysis, thus contributing to drug safety. Implantation of the prosthesis was uncomplicated. Connection to the extracorporeal circulation was achieved via catheters and maintained using a pump with an output of up to 300 ml/min. This enabled maintenance of extracorporeal circulation for several hours without clinical impairment to the animals. The AV-shunts remained functional for between 8 and 253 days (mean 112·3 days).
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A technique which enabled the production of arteriovenous shunts has been described by Quinton et al. (1960) , and a modification of this technique for use in the sheep was reported by Dennis et al. (1984) . The modified technique involved implantation of one or two catheters into the high velocity bloodflow in the vein, draining an arteriovenous fistula created in the neck and was reported to enable long-term Received J2 June 1987; revised 21 September 1988; accepted 19 June 1989 vascular access. Thrombosis of the catheterized vein occurred in only one of 31 cases in which a catheter with a rounded intravascular tip was used, as compared with 7 out of 10 cases using a sharp-tipped catheter.
We were unable to accomplish similar results in our preliminary investigations using this technique in sheep. Therefore, we developed an alternative technique which involved implantation of the shunt prosthesis using an end-to-side anastomosis technique between the carotid artery and the jugular vein.
Materials and methods
Merino ewes, weighing between 40-45 kg, were chosen for our model. The animals were maintained for a quarantine period of 3 weeks before use. During this period they underwent a clinical examination and an anthelmintic was administered (Ivomec® 1mg/kg body weight; MSD AGVET, Gruenwald, Munchen, Germany). The sheep were housed in spacious straw covered stalls and fed with hay and a standard proprietary pelleted diet.
Fourteen sheep were used in this study. Anaesthesia was induced using a combination of ketamine (Ketavet®, 20-30 mg/kg body weight Urn; Parke Davis, Munchen, Germany), and xylazine (Rompun®, O·5 ml Urn total dose; Bayer, Leverkusen, Germany). Approximately 15-20 min were allowed for the development of the full effects of this anaesthetic combination, following which the sheep were fastened onto an operating table. They were placed on their left side with the head reclined to minimize the occurrence of rumenal tympany. Additional doses of 10-20 mg of ketamine were administered, whenever necessary, during the operative period.
Prosthesis material
GORE-TEX-prostheses (Gore, Dusseldorf, Germany), 6 mm in diameter, were implanted in 2 sheep and polytetrafluorethylene (PTFE, Extracorporial, Oberursel, Germany) prostheses were implanted in the remaining 12 animals.
A 10-] 5 cm lateral skin incision was made and the carotid artery and the jugular vein were isolated. Heparin (Liquemin®, Hoffmann la Roche, Grenzach-Whylen, Germany) 5000 i.u. lIV total dose) was administered and then the vessels were provisionally ligated.
A PTFE prosthesis, 20 cm long and 6 mm in diameter, was implanted subcutaneously in the cranial portion of the neck. Care was taken to ensure that the prosthesis was not under any tension (Fig. 1) . After venotomy and arteriotomy incisions had been made, the prostheses were anastomosed using an end-to-side technique, as described by Vollmar (1982) ; first the venous end and then the arterial end. After declamping, the blood flowed into the original vessels and into the shunt. The venotomy was sutured with a 6/0 C-I prolene thread (Ethicon, Hamburg, Germany) and the arteriotomy with a 5/0 C-l prolene thread in continuous suture technique. The skin incision was closed with a 
Results
There were no occurrences of rumenal tympany, regurgitation or aspiration during the operation. The dose rate of ketamine and xylazine used did not significantly depress respiration. The anaesthesia remained in full effect for 60-70 min. The animals were able to stand or move approximately 10-20 min after the operation.
A total of 14 animals were operated on as described above between October 1984 and December 1985 (Fig. 2) . Gore-TEX prostheses were implanted in 2 sheep and, because these 2 animals developed thromboses, the remaining ]2 animals received the PTFE prostheses with a modified surface structure which allowed improved flexibility. Few problems associated with wound healing occurred. None of the animals developed clinically apparent infections or haemorrhage.
Local oedema developed in 2 sheep postoperatively, which resolved within a few days following repeated drainage.
The patency of the stunt was monitored daily using a Doppler ultrasonic monitor (Dualfrequency-bi-directional Doppler, Parks Electronics Laboratory, Beaverton, Oregon, USA). Heparin (10000 i.u. i/m) was administered twice daily for the first 3 weeks following implantation to minimize the risk of thrombosis. A minimum of 3 weeks after implantation the animals were connected onto an extracorporeal circulation circuit. To enable the connection of the shunt prosthesis to the dialyser and monitor, the animals' movements were restricted. The prosthesis was connected to the extracorporeal circulation with one catheter in the arterial direction and another in the venous direction ( Fig. 3) . Body temperature, pulse and respiratory rate were monitored during the dialysis, which lasted several hours. Regular ECG and pressure monitoring were also carried out. Anticoagulation protection with Heparin 10000 i.u. simplified the blood flow after the connection Stertmann et al.
to the extracorporeal circulation. After removing the puncture syringe, local haemostasis was achieved by manual compression of the puncture site for 5-10 min. Implanted shunts were functionally successful for a period between 8-253 days (mean 112· 3 days, see Table 1 ).
Following an initial successful dialysis in 2 animals which had received heparin (sheep 4 and 5, see Table 1 ), we then carried out the procedure without prior administration of heparin protection, which led to an early thrombosis development. An immediate thrombectomy with a Fogarty catheter, as described by Kemkes (1983) , was a failure in both cases. Sheep 3 (see Table 1 ) died of embolization caused by perfusion after the eighth successful dialysis.
Pathological-anatomical experiments
Three sheep were examined post-mortem following thrombosis of the shunt, 28, 92 and 253 days, respectively, after prosthesis implantation. There was no macroscopic evidence of either dilation or hypertrophy and there were no signs of insufficiency in the right or left ventricle. Thrombi could not be detected in the spleen, liver or kidneys. Histological examination showed the presence of hydropic vacuolar degeneration in the heart tissue, especially in the subendocardial heart muscle. 
Discussion
In order to develop an animal model to study problems related to human dialysis therapy, PTFE-graft~were implanted subcutaneously in 12 sheep as a dialysis shunt prosthesis. The patency-time ranged between 8-253 days, a mean of 112:3 days.
The prosthesis shunt does not seem to adversely affect circulatory haemodynamics. In addition, the shunt lies protected under the skin, unlike the technique described by Dennis et al. (1984) , in which the catheter is exteriorized. Exteriorization of the catheter increases the risk of infection or trauma, and requires measures to protect the catheter from accidental damage. Subcutaneous placement of the shunt offers a high grade of security for both the shunt and animal. Access of the prosthesis for puncture with a hypodermic needle is uncomplicated, allowing repeated connections to either a syringe or catheter. The catheter injection site has to be compressed for a prolonged period only in cases following the administration of high doses of heparin or after prolonged periods of dialysis. Secondary haemorrhage of the injection site did not occur during the experimental period.
There were no apparent adverse effects caused by the shunt on the circulatory system, for instance pressure decrease and circulation disturbances of the distal organs in the shunt region. No evidence of cardiac dilation or hypertrophy were detected on post-mortem examination. No pathological alterations could be detected in the vessel walls before and after the implanted prosthesis, in the sense of expansion of arteries and veins. The only indication of any adverse effects of the shunt was the hydrovacuolar degeneration seen during the autopsy in the sub-endocardial muscle cells. However, since similar phenomena have also been attributed to autolytic changes, the interpretation of these remains speculative.
Sheep appear to be highly suitable models for such studies. They are readily obtainable, 2,14 47 inexpensive to maintain, and the anatomical data required to facilitate surgical procedures is readily available. Medical treatment of postoperative problems is rarely necessary and the connection to the extra corporeal circulation after local anaesthesia is uncomplicated and affects the sheep less than other test animals. Using the technique described the animal experiences no more injury than that of a subcutaneous injection and the prolonged period available for study should result in a reduction in the number of animals used for experiments.
The jugular-carotid shunt prosthesis offers the possibility of a series of investigations requiring extracorporeal blood flow in the conscious animal. The technique described allows repeated tests of function of artificial kidney units. Moreover, studies of the detoxification of different compounds can be undertaken in the same animal under similar experimental conditions. Other potential uses for this model include the testing of fibre implants and other biomaterials. In addition, due to the simplified access to the blood vessels and heart, this method could also be employed for endovasal and endocardial investigations.
